Introduction
In Slovenian Dinaric silver fir-beech forests (Abies alba Mill.-Fagus sylvatica L.), growth decline and ageing of the understorey silver fir populations were assessed in the mid-1960s (Gašperšič, 1967) . This phenomenon was considered as a harmful consequence of the classical, single tree selection forest management which had been practised over the previous six decades. In addition, a decline in the mature silver fir populations had appeared in many Slovenian forest sites shortly before that (Mlinšek, 1964) . Parallel to the silver fir decline, the pressure of herbivorous game also significantly increased, seriously impeding the natural regeneration of silver fir (Perko, 1977) . Consequently, it was suggested (Mlinšek, 1969 ) that classical single-tree selection forest management be replaced by another, less restrictive and more dynamic uneven-aged management method, mostly based on the 'femel' system (irregular shelterwood with extended groups).
Observations in a part of the Dinaric region where the intensity of silver fir decline was the greatest, in the early 1980s, suggested, contrary to common expectations, that understorey silver firs retained their vitality (Ferlin, 1983) , and a slight recovery of the growth of mature silver fir in the Dinaric region has recently been reported
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Summary
This paper describes dendrochronological and silvicultural investigations in natural or near-natural, and selectively managed, uneven-aged Dinaric silver fir-beech forests in Slovenia. The results indicate that relatively old understorey silver fir and Norway spruce trees still have a high capacity to tolerate shading and suppression, and can show a vigorous growth response after release. This capacity for growth after suppression did not depend on the tree age or duration of the juvenile stage. The tree-ring width trends of the released understorey trees shows that they have clearly been increasing since around 1950. The current growth rate of released trees is from 3.2 (Norway spruce) to 5.7 (silver fir) times higher than that of suppressed trees. The results suggest that understorey silver fir and Norway spruce trees still have a high potential for application of single tree or small group selection silvicultural systems. (Levanič, 1997) . The indications of recovery processes have given rise to increased interest in the previous methods of forest management, i.e. single tree selection system, in a modified form according to principles established by Leibundgut (1978) . These principles have been reintroduced into Slovenian forest management practice although not yet to any great extent. The main reason for this is that only about 4 per cent of forests in Slovenia (Bončina et al., 2001) had retained their true single tree or small group sized structures and also the loss of knowledge and experience of managing such stands.
The main objective of the study was to investigate the present vitality and ability of understorey silver fir and Norway spruce (Picea abies L. Karst.) trees to tolerate shading and suppression, and the subsequent growth reactions to natural or silvicultural releases during the last few decades. The study aimed to increase understanding of the natural potential of understorey trees for the application of uneven-aged silviculture based on single tree or small group selection principles in Slovenian Dinaric silver fir-beech forests.
Materials and methods
The study area is located in the southern part of Slovenia (the Dinaric forest region around Kočevje), where there is a transitional climate with relatively intensive rainfall (1500-1800 mm per year) and moderate annual average temperatures (4-8°C). The study was carried out in the main Slovenian Dinaric silver fir-beech forest type. The two famous virgin silver fir-beech forests (Pečka and Rajhenau) were included as representatives of natural stands, and one newly established Norway spruce-silver fir forest reserve (Goteniški Snežnik) as a near-natural stand. For comparison, seven selectively managed stands of similar species composition and site types were selected in the vicinity of the non-managed stands. In the sampling, representative stands were chosen from the two main forest subtypes: (1) silver fir-beech without Norway spruce and (2) Norway spruce-silver fir-beech subtype (Table 1) .
A minimum of 10 trees were selected randomly per canopy stratum (lower, middle and upper) within each of the stands. Tree-ring cores were taken (to the pith) from each of the trees at d.b.h. (diameter at breast height) level using a SUUNTO borer. Generally two samples were taken from each tree. Altogether 483 tree-ring width series, 328 of silver fir (from the first forest subtype) and 155 of Norway spruce (from the second forest subtype) were examined (Table 1) . Of these, 31 per cent of silver fir and 33 per cent of Norway spruce samples originated from non-managed (not at all or only slightly influenced) stand types. Of all trees sampled, 59 per cent of Norway spruce and 66 per cent of silver fir trees were understorey trees and the rest were overstorey trees. The main characteristics, including disturbance histories of the sampled forest and stand types are shown in Table 1 .
The following 10 assessments were used in the analyses:
1 Canopy strata of the trees, an assessment of their position in the vertical stand structure: three classes were used (CS 1 -upper, CS 2 -middle and CS 3 -lower); the trees of the upper class were considered as overstorey and those of the middle and lower class as understorey trees. 2 Developmental tendency (DT) of the understorey trees, an assessment of the trees' recent tendency and capacity for canopy strata changes using visual inspection of current and former height increments: three classes were used (DT 1 -progressing, DT 2 -stagnating and DT 3 -regressing). 3 Relative crown size (RCS), visually assessed within each canopy strata in comparison with their normal crown sizes: five classes used (by 20 per cent size groupings). 4 Needle loss (NL), visually assessed as a relative loss (0-100 per cent) in comparison with the normal crown condition for particular canopy strata: 5 per cent classes used. 5 Relative crown condition (RCC), as a combined tree vitality indicator, calculated from the relative crown size, which was corrected for a given needle loss (RCC = RCS ϫ (100 -NL)). 6 Suppression or release intensity (SRI) of the understorey trees, assessed by visual estimate of the overstorey density: four classes were used (SRI 1 -released, SRI 2 -partly released, SRI 3 -suppressed and SRI 4 -fully suppressed). At the beginning of the study, two stands of the second subtype were selected as non-managed, but subsequent dendrochronological analysis showed surprisingly strong forest management influences (in the year 1883) in one of the stands. Thus this stand was finally reclassified as a managed stand.
7 Age assessed at d.b.h. level (AGE DBH ), derived from dated tree-ring width series. 8 Age of the first 10 cm diameter core at d.b.h. level (ADC 10 ), as an indicator of the duration of juvenile stage: derived from dated tree-ring series. 9 Relative duration of suppression (RDS) through the tree developmental history, dendrochronologically defined as a percentage of tree-ring widths below 1 mm in size, at the d.b.h level (for understorey trees only). 10 Current radial increment (CRI), as an indicator of the growth response intensity, calculated from the tree-ring widths for the last 10-year period, the mean values were also calculated separately for the released (CRI rel. ) and fully suppressed (CRI supp. ) categories of trees.
Standard dendrochronological methods (Fritts, 1976) were used for measuring and dating the tree-ring series, using the special dendrochronological packages TSAPX (Rinn, 1998) and WinDENDRO (Regent, 2001) , making reference to the Dinaric silver fir chronology (Levanič and Čufar, 1997) . For analysing the tree-ring and other data, standard statistical methods, e.g. 3-and 2-way analyses of variance, Pearson correlation statistics and other significance tests (for comparisons of percentages) were used within STATISTICA (StatSoft, 1995) .
Results and discussion

Age and suppression
The mean age of the understorey silver fir trees, determined at d.b.h. level, was 167 years (maximum 283) in the non-managed (virgin) stands of the fir-beech forest subtype ( Table 2) . The corresponding mean age of Norway spruce trees, from the spruce-fir-beech forest subtype, was 216 years (maximum 371). The mean ages of the overstorey and understorey populations in the non-managed stands, i.e. in natural or nearnatural conditions, were not significantly different. The understorey populations from selectively managed stands were, as expected, significantly younger than in non-managed stands, but the relative differences (30 per cent in spruce and 17 per cent in fir) were not large.
The average duration of suppression in nonmanaged stands, determined at d.b.h. level, amounted to from 115 (maximum 189) in the case of silver fir, to 153 (maximum 338) years in the case of Norway spruce, and generally accounted for about two-thirds of ages (Table 2) . This shows that relatively old understorey trees of both tree species can tolerate long-term shading and suppression.
The understorey silver fir ages recorded in the silver fir-beech virgin stands were much higher than expected from an earlier study (Anko, 1965) . However, they are similar to those from Austrian (Eckhart, 1975) and German (Preuhsler, 1981) virgin forests, although not as high as those in Bosnian (Schütz, 1969) or Serbian (Stamenkovič et al., 1980) virgin forests. The ages of understorey silver fir from managed stands in this study were higher than those known from earlier studies in Slovenia (Gašperšič, 1967) , Germany (see Mitscherlich, 1961) or Switzerland (see Duc, 2000) . The understorey Norway spruce ages in spruce-fir-beech stands (natural and managed) were higher than those known from Bosnia (Schütz, 1969) or Switzerland (Schütz, 1969; Indermühle, 1978; Duc, 2000) .
Vitality and capacity for changes in canopy strata
The needle loss of the understorey trees from the middle canopy stratum, which were predominantly released, was lower, and their relative crown condition better, than those of the overstorey trees (Table 3 ). The relative crown condition of the understorey trees from the lower canopy strata, which were predominantly suppressed, was equal to (in the case of spruce) or better than (in the case of fir) that of the overstorey trees. At the same time, the needle loss of those understorey trees was not significantly higher (Table 3) . These are commonly accepted indications of retained vitality of understorey trees.
There was also a very high percentage of understorey trees from the middle canopy stratum which showed a tendency for progressive changes in canopy strata (61 per cent in fir and 80 per cent in spruce). Similar results, although with no difference between understorey silver fir and Norway spruce, have been reported in the . The average number of years which needs to be added to the DBH age to get the total tree age has been statistically estimated to be 20-22 years (by counting the annual height growth increments of the present young saplings/regeneration in the understorey). This estimate was the same for fir and spruce. † RDS and ADC 10 have been dendrochronologically determined only for understorey trees (canopy strata 2 + 3). ‡ Each mean value has its superscripted letter indicating those of the contrasts which are not significantly different (i.e. P > 0.05). Statistical 3-way interaction test of differences is based on Fisher's least significant difference (LSD).
Swiss Jura (Duc, 2000) . The Norway spruce in this study showed, surprisingly, an even greater capacity for progressive changes in canopy strata than silver fir. An even smaller proportion of understorey trees from the lower canopy strata (spruce, 19 per cent, fir, 25 per cent) showed such a tendency. These are indications of a retained capacity of understorey trees to improve canopy strata, which is a fundamental prerequisite for uneven-aged forest development and management.
Radial growth trends and response after release
The tree-ring width trends of the released understorey trees, in which the relative crown condition is higher than that of the suppressed ones, increased in the early 1950s (see Figure 1) . Significant differentiation in the tree-ring width trends between the released and suppressed trees was seen after 1960 as a consequence of natural and silvicultural releases. The differences in the mean tree-ring width levels in the last 10-year period between released (fir CRI rel. = 2.24 mm, spruce CRI rel. = 1.99 mm) and fully suppressed trees (spruce CRI supp. = 0.61 mm, fir CRI supp. = 0.39 mm) are very large, indicating their intensive growth response after release, especially in silver fir. The current growth rate of the released trees is from 3.2 (in the case of spruce) to 5.7 times higher (in the case of fir) than that of the fully suppressed ones. This is particular evidence of a retained, vigorous capacity to response to canopy openings.
Influence of age and past development
The relative crown condition of the understorey trees, as their vitality indicator was, in the case of silver fir, only weakly correlated (r = -0.21) with tree age; however, the correlation with the relative duration of suppression and the duration of the juvenile stage was not significant. In the case of Norway spruce, the correlation with tree age was also not significant (Table 4) . The current radial increment of the released understorey trees, as their growth response intensity indicator was, in the case of silver fir, not correlated with the tree age and duration of the juvenile stage, while the correlation with the relative duration of suppression was significant, but also relatively weak (r = -0.35). In the case of Norway spruce, the current radial increment was not significantly correlated with any of these indicators (Table 4) .
These findings indicate that the current vitality and growth response intensity of the understorey trees were only weakly or even not significantly related to the tree age, relative duration of suppression or duration of juvenile stage. Similar conclusions about the influence of age, suppression or juvenile development have also been found in other studies (e.g. Mitscherlich, 1961; Anko, 1965; Schütz, 1969; Indermühle, 1978) . Pearson's correlations between the relative crown condition (RCC) and current radial increment (CRI) versus tree age (AGE DBH ), relative suppression duration (RDS) and age of the first 10 cm diameter core (ADC 10 ) in the understorey silver fir and Norway spruce trees 
Conclusions and recommendations
Dendrochronological and silvicultural research in natural or near-natural and selectively managed uneven-aged and uneven-sized Dinaric silver fir-beech forests (forest types with and without Norway spruce) in Slovenia indicate that understorey silver fir and Norway spruce trees have retained their vitality and ability to tolerate shading and suppression, their capacity for progressive changes in canopy strata and the capacity for vigorous growth response after releases. The current vitality and growth response intensity of understorey trees were only weakly, or even not significantly, related to tree age, duration of suppression or duration of the juvenile stage. The consequence of natural or silvicultural releases (during the last three decades) were constantly increasing understorey tree-ring width trends, significantly different from those of the nonreleased trees. Consequently, the current growth rate of the released understorey trees is much higher than that of fully suppressed ones, especially in silver fir, which demonstrated a vigorous growth response in the present environmental conditions. Based on these findings, it is concluded that the understorey silver fir and Norway spruce trees have retained their high natural potential and could therefore be considered promising candidates for a specific type of uneven-aged silviculture, based on modern single tree and/or small group selection principles. Such a forest management system should be gradually extended to a much larger area of Dinaric and also to other suitable forest types in Slovenia.
